By comparing the productivity effect of imitation versus innovation, this study shows that moving from imitation to innovation is associated with productivity enhancement. As the firm ranks higher in the productivity distribution, the productivity effect of imitation decreases, and the productivity effect of innovation remains stable. Consequently, compared to innovation, imitation has a stronger productivity effect for laggards, and a weaker effect for leaders. The analysis finds evidence consistent with the suggestion that search costs are the underlying mechanism.
Introduction
Innovative firms draw attention. Among such firms, those that traditionally engaged in imitation often generate discussions about how they made it from imitators to innovators. Fast Company ranks Xiaomi (a Chinese firm) as 13th on its list of the World's Most Innovative Companies of 2017 (Fast Company, n.d.) . Acknowledging Xiaomi's imitation behavior, MIT Technology Review has described Xiaomi's achievement as going beyond the "cut-price Apple model" (MIT Technology Review, n.d.) . In spite of being ranked 12th on the same list by Fast Company for its all-in-one app, WeChat, Tencent was initially an imitator. Its QQ-a messaging platform-was copied from an Israeli company (The Economist, 2016) . Within a decade, Xiaomi and Tencent have grown from being imitators to innovators.
The development path of Xiaomi and Tencent is impressive but not unprecedented. The catching-up experience of firms in Asian Tiger countries is a classic example. Moving from imitation to innovation frees them from the limitation of imitation-waiting for other firms to innovate. The move also corresponds to increasing technological capability (Hobday, 1995; Kim, 2001 ) and higher productivity. Despite the importance of the phenomenon, empirical analyses remain silent about the timing of the move. The present paper investigates when moving from imitation to innovation would be beneficial for firms. Assuming that firms benefit more from having higher productivity than lower productivity, the paper answers the question by clarifying the condition at which moving from imitation to innovation is associated with productivity enhancement.
How imitation, innovation, and productivity are related is discussed mainly on a theoretical level. Most previous works are formal models (Aghion et al., 2001; Vandenbussche et al., 2006; Benhabib et al., 2014; Chang et al., 2015 , König et al., 2016 . Empirical studies are few and mainly limited to country-level analysis (Vandenbussche et al., 2006; Madsen et al., 2010) and case studies of firms in certain industries, such as the telecommunications industry (Lee and Lim, 2001; Guo et al., 2015) , the electronics industry (Hobday, 1995; Kim, 1997; Lee and Lim, 2001) , and the automobile industry (Lee and Lim, 2001) . To my knowledge, empirical analysis based on a large sample of firms is rare.
To fill in the empirical research gap, this study analyzes the relationships between imitation, innovation, and productivity, using data from a large number of firms across a variety of industries-manufacturing, services, and other sectors. This paper shows that the productivity effect of imitation and innovation is heterogeneous. The relative importance of imitation and innovation varies, depending on firms' ranks in the productivity distribution. Due to imitation, the productivity effect decreases as the firm ranks higher, while the effect due to innovation remains stable as the firm's productivity rank increases. As a result, laggards benefit more from imitation than innovation in terms of productivity enhancement. For leaders, innovation has a stronger productivity effect than imitation.
Relying on formal models, theoretical literature studies the choice between imitation and innovation. Proposing a step-by-step approach, Aghion et al. (2001) show that the competition intensity of the product market affects laggards' decision on whether to innovate. Vandenbussche et al. (2006) investigate the relationship between human capital and growth. Assuming that innovation requires higher level of skills than imitation, the study shows that imitation and innovation have different growth effects. Two recent works suggest that relative productivity between the focal firm and the frontier (Benhabib et al., 2014) , and the availability of imitation opportunities (König et al., 2016) affect firms' decision between imitation and innovation.
Focusing on the process from imitation to innovation, previous studies have explained the move to innovation as a consequence of learning from imitation. Kim (2001) proposes a three-stage framework of technological development-duplicative imitation, creative imitation, and innovation-to account for the industrialization process of developing countries. By studying one firm in each of the Asian Tiger countries, Hobday (1995) shows how the latecomer firms build up the capability to innovate through the process of acquiring, assimilating, and adapting foreign technology. Agénor and Dinh (2013) develop a formal model showing that, through reverse engineering and learning by doing, unskilled laborers in the imitation sectors become familiar with technology and gain cognitive skills that favor innovation. Chang et al. (2015) use a computational model to simulate the catch-up process.
Before attempting to innovate, laggards should first invest more in imitative R&D to build up technological capability.
The view that innovation can be learned from imitation implies that innovation requires a higher capability than imitation. Taking this for granted, it comes naturally that firms with low capability imitate, and firms with high capability innovate. The statement seems logical, but it can be challenged. High-capability firms, while able to innovate, can also imitate. There are no convincing reasons to believe that they prefer innovating over imitating, or vice versa. Previous research has shown that firms often engage in both. Hobday et al. (2004) explore the strategies of leading South Korean firms in various industries. Based on in-depth interviews with directors and managers, they find that the dichotomy between competing as a leader by generating innovative products and continuing to be a follower based on improving existing products does not apply to such firms. These companies use a mixed strategy, providing a portfolio of products with different levels of technological complexity. This paper, first, demonstrates that it is not necessary that firms with low capability only imitate and firms with high capability only innovate. Many firms engage in both imitation and innovation. Then, this paper points out that the relative importance of imitation and innovation varies in terms of enhancing firms' productivity. It also compares the productivity effects of imitation and innovation.
Empirical evidence from quantile regression shows that the strength of the effect is heterogeneous. It varies depending on firms' ranking, related to conditional productivity distribution. Compared to an average firm, the effect of imitation is greater than the effect of innovation for firms at the lower quantiles of the conditional productivity distribution. For firms at the upper quantiles, the effect of innovation is stronger than imitation. In addition, the analysis finds evidence consistent with the suggestion that search costs are the underlying mechanism.
The findings demonstrate that imitation and innovation need not to be an eitheror choice. A firm can do both imitation and innovation. Although both of them enhance firms' productivity, the strength of the effects varies. Innovation is not always superior to imitation. It is necessary, taking into consideration firms' ranks in the conditional productivity distribution. Empirical evidence reveals that search costs are the mechanism that explains the variation of the relative importance of imitation and innovation, in terms of their productivity effect.
Theoretical background
Literature agrees that imitation can be distinguished from innovation based on the extent of novelty. Innovation has a higher degree of novelty than imitation. In their theoretical work, Mahmood and Rufin (2005) define a firm as an imitator when it expands its own existing knowledge set, but not the existing knowledge set of the world. However, once a firm expands the existing knowledge set of the world, it is qualified as an innovator. In a brief review of the concept of innovation, Pierce and Delbecq (1977) summarize the different conceptualizations of innovation by scholars.
They point out that Mansfield (1963) distinguishes imitation from innovation. He defines innovation as the "first ever use" of an idea and imitation as the "subsequent usage" of the idea (p. 28). Furthermore, scholars suggest boundary condition to qualify the concept of novelty. Knight (1967) proposes the concept, "new to an organization and to the relevant environment" (p. 478) as a requisite for defining innovation. Becker and Whisler (1967) define "innovation as the first or early use of an idea by one of a set of organizations with similar goals" (p. 463). According to their conceptualization, the subsequent use of ideas among competitors can be referred to as imitation. Imitators adopt ideas that are already used by the competitors. When it comes to business activities, imitation can occur when a firm introduces products or services that resemble existing products or services in the market. Imitation could also be about adopting a production process, a managerial practice, or a marketing approach that is already used by the competitors. Although imitation can manifest through different forms, identifying a target to imitate is essential across all forms.
Imitation is only possible after identifying a target. This is not the case for innovation.
From this perspective, imitation can be differentiated from innovation based on whether a target exists.
Both imitation and innovation make a positive contribution to productivity, but their magnitude is not necessarily the same (Nelson and Phelps, 1966; Acemoglu et al., 2006; Aghion and Howitt, 2006) . Based on the idea of the advantage of backwardness (Gerschenkron, 1962) , Nelson and Phelps (1966) formalize the catchup hypothesis. The extent that imitation contributes to productivity depends on where the imitation occurs. The lower the level of productivity, the more improvement it can generate from implementing an existing leading-edge innovation-imitation.
In their Schumpeterian growth model, Aghion and Howitt (2006) explicitly incorporate the element of distance to the technology frontier as a contingency factor, which determines the relative importance of imitation and innovation. Distance to the technology frontier is the relative total factor productivity between the agent and the technology frontier. Whether innovation or imitation is the optimal choice for pursing productivity, depends on which activity is more effective in generating improvement over the current state. When approaching the technology frontier, productivity is positively associated with innovation. When lagging behind the technology frontier, imitation becomes the main force of productivity. This is mainly because laggards' high potential for improvement through imitation gradually diminishes with their increasing productivity.
Related empirical studies mainly focus on country-level analyses. Analyzing a panel of 55 countries from 1970 to 2004, Madsen et al. (2010) measure the effect of imitation by interacting distance to the technology frontier with research intensity and educational attainment. They find that countries of the Organization for Economic Co-operation and Development (OECD) rely more on innovation to grow, and developing countries grow mainly by imitation. Assuming innovation is more skillintensive than imitation, Vandenbussche et al. (2006) provide evidence that skilled labor has a stronger growth effect for countries that are closer to the technology frontier. They measure this with an interaction term between the distance to the technology frontier and the proportion of the population with higher education. Rather than a direct measure, the effects of imitation are tested through an interaction term in both studies.
A recent formal model endogenizes firms' choices between imitation and innovation (König et al., 2016) . Given the objective of maximizing profits and resource constraints, ex-ante, identical firms would optimally choose imitation or innovation, depending on their ranking in the overall productivity distribution.
Imitation is possible only when a target is found. The process of searching for a target is modeled as a random matching process. Two firms are matched when the focal firm locates another firm with higher productivity. Therefore, under the assumption of random matching, firms far from the frontier have higher chances of finding a target to imitate than firms close to the frontier.
In König et al.'s (2016) model, the likelihood of successful imitation depends on the productivity gap between the focal and target firms. The larger the gap, the less likely there will be a successful imitation. When successful, the focal firm improves its productivity up to the level of the target firm. When it fails, the focal firm remains at its original level of productivity. In addition to imitation, firms can also choose innovation to improve productivity. If the focal firm successfully innovates, its productivity increases. The extent of improvement is negatively correlated with the likelihood of success. The probability of making considerable improvement is lower than that of making limited improvement. Given resource constraints, firms maximize profits by choosing between imitation and innovation. The outcome shows that firms at the lower end of productivity distribution are more likely to choose imitation, and firms at the higher end are more likely to choose innovation. Inspired by their model, I propose search costs as the mechanism that explains the variation between the relative importance of imitation and innovation, in terms of the productivity effect. I define search costs as the resources spent by the focal firm on locating a "proper" firm as the target for imitation. Knowledge sourcing from competitors affects the success of imitation strategy (Köhler et al., 2012; Cappelli et al., 2014) . A target firm is "proper" when the focal firm would increase its productivity in the case of successful imitation. When the potential target firm's productivity is unknown, the focal firm might select a target firm whose productivity is not higher than that of the focal firm. In this case, the focal firm would not improve its productivity, even with successful imitation. That is to say, the search costs include the resources spent on locating the target, as well as the resources invested in trying out the target-meaning, actually imitating an "improper" target.
Under such a conceptualization, I argue that search costs differ for laggards and leaders.
1 As long as it is unknown whether the potential target firm has higher productivity than the focal firm does, laggards will have lower search costs than leaders. This holds, no matter what the search patterns of the focal firm. The model of König et al. (2016) presents the case of a random search. In the case of a nearby search, the focal firm locates the target firm in its own environment. Given the same numbers of potential target firms, the chances that one of them has higher productivity than the focal firm are reduced when the focal firm's productivity is higher. Another possibility is that the focal firm will choose to imitate the frontier firm-i.e., the firm with the highest productivity. In this case, the focal firm will know for certain that the frontier firm has higher productivity. The search costs are similar for focal firms with different levels of productivity. However, the further from the frontier, the greater the improvement the focal firm can derive from imitating the frontier, given successful imitation. This is the case in the Schumpeterian growth model.
Therefore, by proposing search costs as the mechanism, I expect that the relative importance of imitation and innovation, in terms of their productivity enhancement, will vary across firms. On the one hand, it is more beneficial for firms located at the lower end of productivity distribution to engage in imitation rather than innovation, due to their low search costs in locating a proper imitation target. On the other hand, innovation is more likely to be beneficial for firms located at the upper end of productivity distribution, because they bear higher search costs when imitating.
Methodology

Data
The data used in this study come from the Technological Innovation Panel ( As the study focuses on new product introduction-one form of imitation, I
further exclude 2,087 firms that have not introduced any new products during the nine-year period. As a result, the dataset covers 5,842 firms in 2013 and 52,500 firmyear observations in total. In the regression analysis, due to the use of lagged variables
and missing values, the number of observations is reduced to 46,476 firm-year observations.
Empirical strategy
The link between innovation and productivity has been studied mainly relying on two different approaches: the model by Crépon, Duguet and Mairesse (1998)-the CDM approach (Griffith et al., 2006; Parisi et al., 2006; Hall et al., 2009 ) and the production function framework (Griliches, 1986; Hall and Mairesse, 1995) . Due to the structure of the data and the purpose of the study, using the CDM approach is not feasible. 3 Thus, I use the production function framework, considering innovation efforts as one of the inputs to production, in addition to labor and capital.
Rather than focusing on the average effect, this paper argues that the productivity effects of imitation and innovation vary across firms. It suggests that the magnitude of the productivity effect is heterogeneous, depending on firms' ranking in the productivity distribution. Therefore, I use a quantile regression, which estimates a coefficient for the regressor at each selected quantile. This gives a more complete picture of the entire distribution, rather than just the average effect, as is the case in an ordinary least squares (OLS) regression. To illustrate, when estimated at the qth quantile, the estimation of the coefficient of a particular regressor can be interpreted as the marginal change in the qth conditional quantile of the dependent variable, due to the marginal change in the particular regressor (Yasar et al., 2006) . At the firm level, quantile regression has been applied in relation to different topics, such as estimating the production function (Yasar et al., 2006; Montresor and Vezzani, 2015) , productivity (Bartelsman et al., 2014) , and firm growth (Coad and Rao, 2008; Bianchini et al., 2014; Santi and Santoleri, 2017; Coad et al., 2016) .
The choice of imitation or innovation is likely to be driven by some firms' unobservable characteristics that are also associated with firms' productivity level. To deal with this potential endogeneity, I apply fixed-effects quantile regressions. Canay (2011) proposes a simple transformation to eliminate time-invariant effects by viewing these as "location shift variables (i.e., variables that affect all quantiles in the same way)" (p. 368). This method has been used in studies on R&D and innovation (Bartelsman et al., 2014; Bianchini et al., 2014; Coad et al., 2016) . The transformation can be done in two steps. First, I estimate a firm effect for each firm.
The effect is constant over the observation period. It is estimated through a firm fixedeffects panel regression:
where it y is the outcome variable,  is the vector of parameters to be estimated, it X is the vector of regressors (including independent and control variables), and i u is the firm fixed-effect. I transform the dependent variable by subtracting the estimated firm effect from Equation (1):
where i û is the estimated firm effect. The transformed dependent variable ( it y ) is then used in the quantile regression: 
Operationalization of imitation and innovation
Imitation and innovation can be differentiated by their extent of novelty (Mansfield, 1963; Knight, 1967; Mahmood and Rufin, 2005) and by whether a target exists (Becker and Whisler, 1967) . To reflect such conceptual differences, this study uses the extent of novelty-(only) new-to-firm versus new-to-market-to distinguish imitation from innovation. New-to-firm has a lower degree of novelty than new-tomarket. In addition, new-to-firm implies that the idea has been used by other firms in the market. Since the information about the novelty is only available regarding new products, this study focuses on comparing the productivity effect due to introducing imitative and innovative new products. A firm is said to engage in imitation when it introduces a new-to-firm product. Launching a new-to-market product is considered as innovation.
The same definition has been adopted by other scholars (Kleinknecht et al., 2002; Köhler et al., 2012; Arvanitis and Seliger, 2014; Cappelli et al., 2014) . Distinguishing imitative (i.e., new-to-firm) from innovative (i.e., new-to-market) sales, Cappelli et al. (2014) demonstrate that R&D spillovers from diverse sources contribute to imitative and innovative sales differently. Köhler et al. (2012) analyze how the heterogeneity of search strategy influences the success of imitative and innovative products differently.
Both studies found that the success of imitative and innovative products rely on distinct types of spillovers and knowledge search. In particular, spillovers from competitors and market-driven knowledge search only contribute to imitative sales, but not to innovative sales. Their results provide evidence that operationalizing imitation and innovation, as new-to-firm and new-to-market, reflects the theoretical differences between imitation and innovation.
Operationalizing imitation and innovation, as new-to-firm and new-to-market, has its empirical value. Using such definition enables me to exploit a large panel dataset and to investigate a research question that has not been answered by analyzing a large number of firms. In addition, by defining new-to-firm as imitation, I recognize the element of novelty in firms' imitation behavior (Schnaars, 1994) . Launching 
Dependent variable
Previous theoretical works distinguish imitation from innovation, regarding their performance, mainly focusing on their productivity effects (Nelson and Phelps, 1966; Aghion and Howitt, 2006) . Ideally, I would like to use total factor productivity as the dependent variable. However, PITEC does not provide sufficient information to do so.
Instead, I use labor productivity, which is highly correlated with total factor productivity. One may argue that using labor productivity to substitute for total factor productivity is problematic when some industries and firms are more capital intensive than others. In order to lessen the concern, this study uses firm-fixed effects and control for capital intensity.
The dependent variable is firms' "labor productivity", which is calculated as sales (in thousand euros) per employee, in logarithmic form. It is a revenue-based productivity measure, and can be interpreted as an efficiency measure, taking into account the revenue aspect. Literature suggests that imitation and innovation differ in their productivity effect. The study distinguishes imitation from innovation, based on products' market novelty. The sales generated form imitative and innovative products are likely to vary. Therefore, using labor productivity (i.e., sales per employee) as the dependent variable, not only has its theoretical ground but also satisfies the needs due to comparing imitative and innovative products.
Independent variables
The questionnaire asked the respondents to break down a firm's annual sales into three mutually exclusive categories: new-to-market, new-to-firm, and old products.
Therefore, the data provide a direct measure of the proportion of sales due to new-tomarket and new-to-firm products that are introduced in the two years prior to the survey year. I use the term "new product sales" to refer to sales from either new-tomarket or new-to-firm products. Among these, imitative sales are sales of new-to-firm products, and innovative sales are sales of new-to-market products. The main independent variable measures the extent of imitation, relative to innovation. I denote the variable "share of imitative sales" as the amount of imitative sales as a share of total new product sales. This is the amount of sales of new-to-firm products divided by the sum of sales of new-to-market and new-to-firm products. The variable "share of imitative sales" ranges from zero to one. The more a firm engages in imitation, the higher the value. When the variable equals 0.5, the firm engages in imitation and innovation to the same extent. When the variable equals one, the firm only engages in imitation. It enters the regression analysis with a one-year lag.
Control variables
Based on the production function framework, labor productivity is determined by firms' knowledge stock, physical stock, and other additional factors. However, not only the amounts of inputs but also the outcomes of using these inputs affect the level of labor productivity. Therefore, I use "intensity of R&D stock" and "new product sales" to capture the knowledge stock; and "intensity of capital stock" and "new process" to approximate the physical stock. Using the perpetual inventory method (PIM), I calculate R&D stock based on yearly internal R&D expenditure with a constant depreciation rate of 20% (Jäger, 2017) . By dividing over the number of employees, I obtain the "intensity of R&D stock". It is expressed in logarithmic form.
New product introduction has been considered as the manifestation of firms'
knowledge (Griffith et al., 2006) . Therefore, I use "new product sales", which is defined as the sum of sales from new-to-firm and new-to-market products, to capture the outcomes of using R&D inputs. The variable of "new product sales" is expressed in thousand euros and with log transformation.
To capture the input dimension of the physical stock, I construct the capital stock based on firms' yearly investment in tangible assets, using the PIM. Since PITEC does not distinguish among different types of tangible assets, I use a constant depreciation rate of 13%, which is the average of depreciation rates across all tangible assets suggested by Jäger (2017) . 4 Then I calculate the intensity of capital stock by dividing the capital stock over the number of employees. The variable of "intensity of capital stock" enters regression analysis with log transformation. I also include "process innovation" (a binary) to indicate whether a firm introduces a new process in a given year. This variable aims to capture the outcomes of using the tangible assets.
I control for the number of years, based on the establishment of the firm ("age").
As in Barge-Gil and López (2014), I limit firm age to a maximum of 40 years. Other control variables include: whether a firm belongs to a group of companies ("group"); whether a firm exports ("export"); and firm size. "Size" is a categorical variable using the numbers of employees-50, 250, and 500-as threshold values. All control variables enter the regression equations with a one-year lag. Table 1 Around 35% of these engage in both imitation and innovation in a given year.
Results
Descriptive statistics
[Insert Table 1 about here]
The mean values of firms' labor productivity are summarized in Table 2 .
Observations are first ranked by labor productivity within the group of firms belonging to the same industry in the same year. They are then divided into quintiles by labor productivity. I further classify them into groups of imitators or innovators using the threshold of "share of imitative sales" equaling 0.5. This is because the value of 0.5 implies that firms generate the same value of sales from imitative and innovative products.
The distribution of "share of imitative sales" shows a concentration of firms with the value 0.5. I take this as evidence that these firms consider imitation and innovation equally important. In addition, there are no strong theoretical arguments available for classifying such firms as imitators or innovators. Therefore, an observation is classified in the imitation group when the share of imitative sales is greater than 0.5 and in the innovation group when the share of imitative sales is less than 0.5.
Accordingly, among the 35,117 observations, 18,826 observations concern imitators and 12,434 concern innovators. In addition, 3,857 observations are excluded from Table 2 , because they have equal shares of imitative and innovative sales.
[Insert Table 2 about here]
The first column of Table 2 shows that when classifying all observations in the imitation or innovation groups (regardless of their level of labor productivity), the equality of the mean values of labor productivity between the two groups cannot be rejected. When comparing the mean values of labor productivity by quintile, observations in the imitation group exhibit higher labor productivity than observations in the innovation group for the lower four quintiles. The difference is statistically significant. In the highest quintile, observations in the imitation group, on average, exhibit lower labor productivity than observations in the innovation group. However, the difference is not statistically significant. The results of the preliminary data analysis are consistent with expectations. Table 3 presents the regression estimations for productivity, using "share of imitative sales" as the independent variable. The number of observations decreases to 32,107 after excluding 14,369 observations with no new product sales in a given year. As shown in Table 3 , Models (1) and (2) are pooled OLS regressions (OLS) and panel regressions with fixed effects (FE), respectively. Both of them estimate the effect for average firms. The coefficient of "share of imitative sales" is positive and significant in the OLS estimation; however, the coefficient in the FE estimation is not significant.
Regression analysis
This suggests that for average firms, most of variation of labor productivity, due to "share of imitative sales," comes from between firms. When looking within an average firm, the extent of focusing on imitation, relative to innovation, has no effect on its labor productivity. This further confirms the need to use the technique of quantile regression with firm fixed effects, in order to clarify whether the extent of imitation relative to innovation has different effects for a non-average firm.
[Insert Table 3 about here]
In Table 3 , Model (3) shows the results of fixed-effects panel quantile regressions at selected quantiles. The estimated coefficients of "share of imitative sales" are positive and significant at the 10th and 25th quantiles. At the 50th quantile, the coefficient becomes negative but not significant. At the 75th and 90th quantiles, the coefficients of "share of imitative sales" are negative and highly significant. A negative coefficient of "share of imitative sales" is interpreted as the productive effect due to imitation being smaller than the productive effect due to innovation. This is because "share of imitative sales" is the ratio of imitative sales over total new product sales. The magnitudes of the coefficients (i.e., absolute value of the coefficients) are larger at the 10th and 90th quantiles, and smaller at the 25th and 75th quantiles. The equality of the five coefficients, estimated at selected quantiles, is rejected at the conventional level of significance. The differences between two consecutive quantiles-the 25th vs. 50th, 50th vs. 75th, and 75th vs. 90thare statistically significant.
Overall, the results suggest that for firms lagging behind the frontier, imitation has a stronger effect than innovation, in terms of increasing productivity. In other words, the greater the extent of imitation, the stronger the effect. In addition, the further from the frontier, the more beneficial imitation is, given the extent of imitation. For firms that are close to the frontier, imitation has a weaker effect on increasing productivity, compared to innovation. The larger the extent of imitation, relative to innovation, the smaller the productivity effect. Given the extent of imitation, the closer to the frontier, the stronger the negative effect is, due to a greater engagement in imitation than innovation. The expected results are supported by the empirical evidence.
Most of the control variables are significant and consistent with previous literature. The coefficients of "new product sales" are positive and significant across the three models. Consistent with previous studies, while not distinguishing imitation from innovation, new product sales, in general, are positively associated with productivity. The coefficients of "new process" suggest that for firms at the lower quantiles, investing in process innovation has a positive effect on productivity. The magnitude of the positive effect decreases along the increasing quantiles. When estimating at upper quantiles, process innovation has a negative effect. This is consistent with previous literature that suggests engaging in process innovation improves the productivity of laggards more than that of firms close to the frontier. The estimation results are presented in Table 4 . Except for dropping "new product sales", which is a linear combination of "imitative sales" and "innovative sales," all control variables are the same as in the previous estimation. The estimated coefficients of "imitative sales" and "innovative sales" in the OLS and FE models are positive and significant. For an average firm, the effects of imitation and innovation are similar.
[Insert Table 4 about here]
The estimated coefficients of "imitative sales" in Model (6), as shown in Table 4 , are positive and significant, except for the estimation at the 90th quantile. The equality of the five coefficients, estimated at the selected quantiles, is rejected at the conventional level of significance. The differences between two consecutive quantiles are statistically significant. The magnitudes of the coefficients decrease along the increasing quantiles. With an increase in sales from imitative products of 1%, the 10% conditional quantile of productivity increases by 0.005%, holding other variables constant. However, the same amount of increase in imitative sales is associated with a 0.003% increase in the 25th conditional quantile and only a 0.002% increase in the conditional median of productivity. This suggests that imitation has a stronger productivity effect for laggards. The further from the frontier, the stronger the effect of imitation, controlling for the extent of innovation.
The coefficients of "innovative sales" are significant at the 25th, 50th, 75th, and 90th quartiles. Although the magnitudes of the positive effects slightly increase, along with the increasing quantiles, the differences between two consecutive quantiles are not statistically significant. This suggests that the productivity effect due to innovation is not significantly different for laggards and leaders.
The differences between the estimated coefficients of "imitative sales" and "innovative sales" at a given quantile are statistically significant at the 10th, 25th, and 90th quantiles. This suggests that for an average firm, the effects of imitation and innovation are similar. However, in the case of firms located at the lower or upper part of the distribution, imitation and innovation have different effects in terms of productivity enhancement. When further from the frontier, firms benefit more from imitation than innovation; however, when firms are closer to the frontier, innovation is associated with higher productivity than imitation. Thus, the results in Table 3 and   Table 4 are consistent.
4.4 Search costs as the mechanism I argue that search costs drive the association between imitation, innovation, and productivity. If this is the case, the choice between imitation and innovation is more critical for firms with high search costs. This means that the differences between imitation and innovation, in terms of their effects on enhancing productivity, would be magnified. When firms have low search costs, the choice becomes less important. The productivity effect of imitation and innovation would be similar. That is to say, dividing the sample into two groups according to their search costs, for the subsample of firms with high search costs, the productivity effect due to imitation and innovation would vary, depending on firms' ranking in the conditional productivity distribution.
For the subsample of firms with low search costs, the variation would weaken or even become null.
One possibility to test the mechanism is to leverage on the location of firms. I consider that firms located in a cluster are likely to find imitation easier, because there are many potential targets around. Holding other variables constant, when the focal firm invests a similar amount of resources in searching for a target in a geographic area, the chance of finding a target to imitate is higher when the density of firms in that area is higher. 5 Therefore, I argue that firms located in a cluster have lower search costs, due to the concentration of firms within a geographic area.
Firms located inside the science park are often considered as a cluster of firms.
PITEC has information on whether a firm is located in a science park. Firms within certain industries are more prone to being situated inside the science park than firms in other industries. Among the 44 industries, there are 10 industries without any firms located in the science park. Therefore, I exclude firms belonging to these 10 industries. Using the reduced sample, I divide firms into two subsamples, according to whether they are located inside the science park or not. 6 Then, I run the fixed-effects panel quantile regression for each subsample, separately.
[Insert Table 5 about here] Table 5 provides the results of the quantile regression. The subsample of firms, located in the science park (i.e., on-park firms), includes 1,888 firms. As expected, the coefficients of "share of imitative sales" are not significant in all the five estimated quantiles. The results for the subsample of firms, located outside the science park (i.e., off-park firms), are consistent with the expected results. The coefficients of "share of imitative sales" change signs from positive to negative along the increasing quantiles.
They are significant when estimating at the 25th, 75th, and 90th quantiles. Compared to innovation, imitation has a larger productivity effect for the laggards. For firms closer to the frontier, innovation has a larger productivity effect than imitation.
Studies have discussed the issue of firms self-selecting to enter science parks, such as the case of Spain (Montoro-Sánchez et al., 2011; Vásquez-Urriago et al., 2014; Vásquez-Urriago et al., 2016) . This raises the concern that on-park firms tend to be more innovative and have higher productivity than off-park firms. In other words, off-park firms are likely to be more imitative and with low productivity. When considering off-park firms are mainly laggards, the inclusion of mostly imitative and low productivity firms in the subsample of off-park firms would bias the results against my expectation. Nevertheless, the estimated coefficients are still significant and with expected sign.
Conclusion
While pointing out the heterogeneous productivity effects of imitation and innovation, this study does not suggest the direction of causality among imitation, innovation, and productivity. The purpose of this research is to clarify the situation at which moving from imitation to innovation is associated with productivity enhancement. It demonstrates that both imitation and innovation positively contribute to productivity. Empirical evidence at the firm level confirms that the magnitude of the productivity effect, due to imitation and innovation, varies across firms. Along the conditional distribution of productivity, the strength of imitation decreases, and the strength of innovation remains stable. Compared to an average firm, imitation has a stronger productivity effect than innovation for laggards. For leaders, the strength of innovation, in terms of productivity enhancement, is larger than imitation. I also propose search costs as the mechanism that differentiates the relative importance of imitation and innovation, in terms of their productivity effect. Due to the variation of the relative importance, moving from imitation to innovation is associated with productivity enhancement when firms are in the situation at which innovation has stronger productivity effect than imitation.
Both imitation and innovation can occur in varies aspects of business activities, such as product introduction, process improvement, organizational structure, and marketing approaches (OECD and Eurostat, 2005; Lieberman and Asaba, 2006) . Due to data availability, this study focuses on comparing the productivity effects due to imitation and innovation, in terms of launching new products. It leaves out potential effects due to other forms of imitation and innovation, like incorporating new processes or new managerial practices.
The analysis is based on firms in Spain. The use of single country data raises the concern of the generalizability of the results. Fortunately, the theoretical arguments and empirical approach do not rely on any country-specific assumptions. Data collection was based on the common approach outlined in the Oslo Manual. To the best of my knowledge, Spain does not have any policies that favor imitation over innovation, or vice versa. There is no evidence to suggest that the empirical findings are only applicable to the context of Spain.
Due to using data from a single country, this study did not have the capability to explore how economic, social, and cultural conditions influence the association between imitation, innovation, and productivity. For example, differences in patenting regulations influence the appropriability of innovation. When firms are likely to appropriate from their innovation, the extent they can benefit from innovation is larger, all else being equal. The social structure, in terms of the income distribution of consumers, might also affect how attractive an imitative product is, relative to an innovative product. When a country is populated with low-income consumers, an imitative product with limited features and a low price is more likely to be appealing to consumers than an innovative product with the latest features and a high price.
From a cultural perspective, some societies are more likely to associate imitation with negative connotations. Thus, firms engaging in imitation are likely to suffer from a negative reputation.
This study suggests search costs as the mechanism that drives the relationship between imitation, innovation, and productivity. It provides some theoretical arguments and consistent empirical evidence. However, using firms located inside or outside the science park, as an indicator for the low or high search costs and to test the mechanism, is not ideal. On-park firms are likely to be different from off-park firms in some other aspects, in addition to search costs. This provides opportunities for further research to test the proposed mechanism.
The statement that imitation is beneficial for laggards can be further qualified by considering its long-term effects. Focusing on low-hanging fruit might prevent laggards from moving toward the frontier. However, it is possible that laggards learn from doing imitation. It would be interesting to explore whether imitation enables laggards to innovate in the future, or whether it confines them to imitation. Further analysis on how the characteristics and the type of imitation affect the dynamics from imitation to innovation is also interesting (Liao, 2017).
The implication of this study is relevant to development policy. In addition to promoting innovation, encouraging imitation could be a prominent direction. The alternative of increasing productivity by means of imitation is especially practical for firms in developing countries. This is because imitation is often a strategy undertaken by firms that are lagging behind the frontier (Kim, 2001; Lee and Lim, 2001; Kim et al., 2004; Kale and Little, 2007; Ouyang, 2010) . Compared to leaders, laggards are often at a disadvantage in the innovation process, especially due to limited access to financial resources and a lack of qualified personnel. By engaging in imitation, laggards could enhance their productivity in a more economic manner-in terms of expending time and resources-and might set themselves up for innovation in the future. b "Imitation and innovation" refers to the situation in which new products sales come from both new-to-firm and new-to-market products.
c "Innovation only" refers to the situation in which all new products sales are from new-to-market products. 
